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INTRODUCTION
Perceptions are personal opinions, informed by the way that people view and interpret their own knowledge, learning experiences, goals, and expectations, and the level of autonomy that they have to direct instruction and learning [1] . How people react to their perceptions will vary their experiences, and thus responses [1] . Perceptions differ between respondents who have different primary functions within the educational equation. For example, as suggested by a long line of research, faculty and students often perceive educational efforts and methods differently [2] . Therefore, perceptions between different stakeholders, i.e., students, academic instructors and industry, are likely to be varied [1] .
Due to the potential differences in perceptions in the educational equation, it becomes essential to understand all engineering stakeholders' perceptions regarding the CEAB graduate attributes, so that any misconceptions or differences can be revealed, common understandings found, and ultimately, curricula can be improved. This is especially important within scholastic environments, as the intended curriculum is not inevitably the learned curriculum [3] [4] . Since students represent one of the engineering stakeholders integral to the accreditation and continual program improvement cycle, it is essential that their voices be heard.
BACKGROUND
This study was designed to investigate fourth year mechanical engineering students' perceptions of their graduate attribute competencies as developed within their engineering program using a student exit survey. The survey was devised to measure students' perceived aptitudes in regards to the required CEAB twelve graduate attributes, and students' perceptions of how well their engineering program prepared them in regards to the attributes. Additionally, the survey was intended to explore the relationship between students' participation in extra-curricular activities and their attribute competencies.
Originally, the study was conceived for the 2012-13 academic year. However, we realized the importance of building a longitudinal understanding of students' perceptions of their own aptitudes and of the program for the purpose of implementing a program feedback loop [5] . Therefore, we extended the study for two more years, and added a student focus group interview to our data collection methods as a means to qualitatively explore students' perceptions. The appendage of the focus groups also allowed us to further investigate the quantitative findings from the survey data, and to receive participant feedback on the survey instrument itself.
In this paper, students' perceptions of their graduate attribute competency levels, as well as their perceptions regarding the strengths and weaknesses of the Mechanical Engineering program and their own aptitudes in regards to the graduate attributes will be presented from the three-year continuum. Additionally, student suggestions for program improvement and survey implementation will be shared. Data are offered from both the student exit survey and the three student focus group interviews.
METHODOLOGY
This study is a mixed methods explanatory case study [6] [7] [8] , where quantitative survey data were collected and analyzed, from which emerged the protocol for the qualitative focus group interviews. It has an interpretivistic theoretical perspective and underlying epistemological view that truth is constructed through the interaction of the stakeholders with the researcher and the meaning-making activities of the research [9] [10] [11] . Quantitative and qualitative data analyses are sequential, with the qualitative findings informing the quantitative ones.
The Education/Nursing Research Ethics Board (ENREB), the governing research ethics board for the Faculty of Engineering at the University of Manitoba, approved the ethics application for this study. Purposeful sampling was used to identify and seek participation from three cohorts of fourth-year mechanical engineering students taking MECH 4860, who represented the class of mechanical engineering graduates of the 2012-13, 2013-14, and 2014-15 academic years, and who had the ability to contribute to the goals of the study [12] [13].
Student Exit Surveys
The student exit survey was designed using Bloom's Taxonomy of Educational Objectives in the Cognitive Domain as the framework [14] , and had two iterations as such [5] . To establish competency levels, six indicators for each attribute were created to reflect the six levels of the taxonomy: knowledge, comprehension, application, analysis, synthesis and evaluation. Students were asked to rate their proficiency for every cognitive level for each attribute. For the first year (2012-13), students were given a three-point scale; for the subsequent two years , a five-point scale. Using the fivepoint scale, students were to consider for each indicator whether they were (i) not introduced to the skill/ability; (ii) introduced to the skill/ability, but that their performance was poor; (iii) introduced to the skill/ability, and their performance was adequate; (iv) introduced to the skill/ability, and their performance was good; or (v) introduced to the skill/ability, and their performance was excellent. Students were also asked to choose the three strongest and three weakest attributes in regards to the Mechanical Engineering program and with respect to their own knowledge, skills, behaviours and values [5] . (For explanation of the survey design changes, and exact wording of survey rating scale, see [5] .)
The student exit survey was administered to three cohorts of fourth year mechanical engineering students in December of 2012, 2013 and 2014, at the conclusion of their Engineering Design course, MECH 4860. The instructor of MECH 4860 gave a manila envelope of surveys and a recruitment letter to each student team leader in the course. The letter explained the methodology and purpose of the research study, and described the survey instrument and instructions. The team leaders were asked to distribute the surveys to their team members. Completed surveys were collected by team leaders, placed into the unmarked envelope and left in the mechanical engineering office until after all course grades were officially entered. This was done to assure students' anonymity and prevent any conflict of interest vis-à-vis the course instructor, who is one of the principal researchers. The data from the surveys were analyzed using descriptive statistics.
Student Focus Group Interviews
Three qualitative focus group interviews with 11 participants were conducted over two years. All fourth year mechanical engineering students taking MECH 4860 over the 2013-14 and 2014-15 academic years were invited to participate. Two focus group interviews were completed in March 2014 with three students each from the 2013-14 cohort, and one focus group interview in March 2015 with five students from the 2014-15 cohort. The focus group interviews were designed to be semistructured, with the interview protocol for both years emerging from the analysis of the quantitative survey data. An inductive, constant comparative analysis method was used to code the data to uncover patterns and themes related to students' perceptions regarding the manifestation of the graduate attributes within the Mechanical Engineering program [15] [16] . To improve the trustworthiness of the research, the researchers practiced member-checking, asking participants to review the transcript of their focus group interview, as well as the researchers' data analysis and resulting themes in the findings [12] .
FINDINGS
With the exception of the second year of the study, when due to an administrative glitch the student exit survey was administered after the semester was over and students were difficult to contact [5] , the response rate for the student exit survey has been high (see Table 1 ), which increases the rigor of the findings [12] . In addition to the student exit survey, 9 students from the 2013-14 and 2014-15 cohorts participated in one of three focus group interviews. Trustworthiness of the focus group data was increased by triangulating the findings of each focus group with the data from the other focus groups, as well as with the findings from the survey data [12] .
Perceptions of Program and Student Strengths and Weaknesses -Student Exit Survey
On the exit survey, students were asked to rank what they perceived as the top three program strengths, and their top three strongest competencies in regards to the graduate attributes, and conversely, the top three program weaknesses, and their top three weakest competencies. Figure 1 illustrates the percent responses for the three years in which the student exit survey was administered. The graphs on the left represent program and student strengths and the graphs on the right depict program and student weaknesses. Findings showed that over three years, Problem Analysis and Individual and Teamwork were the attributes that students perceived represented the top Mechanical Engineering program strengths, followed by A Knowledge base for Engineering and Design (see Table 2 ). Students perceived that Problem Analysis and Individual and Teamwork were the top student attribute competencies, followed by Design (see Table 3 ). Therefore, with the exception of A Knowledge Base for Engineering, the top perceived program attribute strengths matched the top perceived student attribute competency strengths. Findings showed that over three years, Impact of Engineering on Society and the Environment and Use of Engineering Tools were the attributes that students Table 4 ). Table 5 ). Figure 2 illustrates the average perceived student competencies for all 12 graduate attributes for the three years that the survey was administered. Every attribute was rated in consideration of Bloom's Cognitive Domain: knowledge, comprehension, application, analysis, synthesis and evaluation. (Note that the scales are different between the 2012-13 offering, and the 2013-14, 2014-15 offerings due to the change in the rating categories [5] .)
Impact of
Engineering on Society and the Environment, followed by Ethics and Equity and Investigation, were perceived as the top student attribute competency weaknesses over three years. Thereby, Impact of Engineering on Society and the Environment was perceived as both the top program and top student weakness (see
Average Perceived Graduate Competencies -Student Exit Survey
The highest perceived student graduate attribute competency for three years was Individual and Teamwork. The lowest perceived student graduate attribute competency for three years was Impact of Engineering on Society and the Environment. These are the same attributes that students' perceived as the top strengths and weaknesses within the program and in regards to their own aptitudes, which strengthen the reliability of the findings [12] . The upward and downward trends of the data over the three years are similar, with the exception of Problem Analysis, which increases in the third year, and Lifelong Learning, which shows a slight decrease in the second year.
2014-15
2013-14 2012-13 Additional findings show that the cognitive domain, synthesis, was rated relatively lower for all three years than the other levels of the taxonomy in the attributes, A Knowledge Base for Engineering, Individual and Teamwork, Impact of Engineering on Society and the Environment, and Lifelong Learning.
Perceptions of Program Strengths and Weaknesses -Student Focus Groups
Analysis of the data collected from the fourth year mechanical engineering students who participated in the three focus group interview sessions over the 2013-14 and 2014-15 academic years indicated that students' 
What Students Would Like -Student Focus Groups
Students would like more hands-on, practical engineering experience; more exposure to engineering tools, both software and hardware; peer evaluations for every group project; and an education in FEA.
Student Suggestions for Program Improvement -Student Focus Groups
Focus group student participants made several suggestions for program improvement. They are listed below, and in parenthesis, their connection to each graduate attribute is noted:
1 
Student Responses to the Exit Survey and Focus Group Interview -Student Focus Groups
Generally, student focus group participants expressed that they were pleased to be asked their opinion about the Mechanical Engineering program and their education, vis-à-vis both the exit survey and the focus group interview. In regards to the survey, some participants spoke of the satisfaction of doing a 'self-evaluation,' and they reflected with some surprise on all that they did learn in the program. Participants spoke of really enjoying the focus group, and the opportunity to discuss the program. They would like to see more students have, or take, that opportunity.
Student Suggestions to Improve the Exit Survey -Student Focus Groups
Generally, focus group participants suggested administering the student exit survey in class, so that all students completed it. They also recommended distributing it earlier, so that it did not coincide with the extremely busy end of the semester.
DISCUSSION
Findings showed in the data from both the student exit surveys and the student focus group interviews that students perceived Problem Analysis, Individual and Teamwork, and A Knowledge Base for Engineering as the strongest attributes within the program. Certainly, it is encouraging that two fundamental engineering technical attributes are highly rated for the Mechanical Engineering program. Furthermore, it is promising that Individual and Teamwork has also been rated consistently high by students in the data, particularly as it is one of the professional skills, which have been customarily shown in engineering education research to be more challenging to teach and assess than the technical skills [17] Interestingly, focus group participants considered Lifelong Learning a program strength, although it is also an attribute discussed as acutely challenging to teach and assess [26] [27], partially due to the notion that it is more suitable to be assessed "a priori" [26] . Ironically, one focus group participant expressed this conception of lifelong learning being difficult to assess within the program: "I think the program actually prepares you very well for that [lifelong learning], it's just you don't realize it yet, because you don't have time to try it yet for the most part." What would be interesting and helpful would be to have students define lifelong learning, and identify where in the program they feel they are gaining the skills inherent in this attribute. Noteworthy is that the process of participating in the exit survey perhaps helped students display part of the aptitude inherent in lifelong learning, as they are required to reflect on their own learning. One participant stated in regards to the exit survey, "…I never really thought about going actually through them [the attributes], but once they were presented in front of me, it's like, oh yeah, I guess I did learn how to do that…" Findings showed that overall, Impact of Engineering on Society and the Environment, Use of Engineering Tools, Professionalism and Ethics and Equity are the four attributes that students perceived as relatively weaker within the program. 'Relatively,' because although they have been shown to be the bottom attributes in data compiled over three years, they are still ranked above 2.2 on the 3-scale, and above 2.4 on the 5-scale, which indicate that students on average still perceive that they have gained an adequate to good competency level for these attributes within the Mechanical Engineering program. That being said, these are important attributes to professional engineers, and it would be wise to investigate them within the program further. Recommendations to examine these attributes include: (i) mapping them in curriculum; (ii) exploring faculty/industry perceptions in regards to the importance of these attributes and their treatment within the curriculum; and (iii) determining students' definitions and expectations of these attributes. Recommendations for improvements include: (i) disseminating these data to teaching faculty within the Mechanical Engineering program so that they are aware of students' perceptions and can possibly incorporate them; and (ii) making deliberate changes to the curriculum to improve the manifestation of these attributes.
Interestingly, our data may be viewed in the context of the findings of a seven-year study conducted in the United States, where engineering graduates were asked to value each of the ABET attributes in relation to their professional careers. In the study, Passow found that regardless of the engineering discipline, graduates ranked teamwork, communication, data analysis and problem solving as the top used competencies (i.e., attributes) within their disciplines. The lowest ranked competencies were contemporary issues, design of experiments, and understanding the impact of one's work [28] . So although it is important to use the findings from our data to improve the program, it is also important to contextualize the findings. Two of the most important attributes within Passow's study are considered by students to be the top two attributes in the Mechanical Engineering program: Problem Analysis and Individual and Teamwork [28] . One of the lowest ranked competencies within Passow's study is also perceived as the lowest ranked attribute in our findings: Impact of Engineering on Society and the Environment [28] . That being said, our students' perspective is important, and they have let us know that " [If] You consider other professionals, dentistry, law, nursing… if you were to talk to the students they take their education way more seriously and they understand and respect their impact on society much more I think than some engineering people do…I don't think as students we're taught enough about how important it is to be a professional faculty and what that means to you and what that means is your responsibilities."
NEXT STEPS
The development of a set of graduate attribute rubrics by the Faculty of Engineering's Curriculum Management Committee (CMC) [29] has led to the redesign of the student exit survey. The rubrics are intended as an assessment tool for our programs and individual courses, and as a means of collecting data, which is an integral part of the CEAB accreditation requirements. As a result, we felt that it was crucial to redesign the student exit survey so that the indirect assessment data collected, namely students' perceptions, can be triangulated with the direct assessments of the graduate attributes within our courses and programs.
Consequently, we administered the 'old' version of the survey to only half of this year's fourth year mechanical engineering student cohort, and gave the 'new' version to the other half. Fifty of 51 students completed the new version of the survey. These data mark the beginning of a second cycle of program assessment to investigate how student engineering stakeholders perceive the manifestation of the CEAB graduate attributes in the Mechanical Engineering program. In the interim, the data from the preceding three years will be used to inform program improvement in order to close one assessment loop, and the new survey instrument will take its place in the effort to not only continually improve the program, but to improve the assessment tools that we use to inform these important changes.
CONCLUSIONS
The objective of this study to examine fourth year mechanical engineering students' perceptions of graduate attribute competencies in the Faculty of Engineering at the University of Manitoba has been achieved. It is clear that there are trends in the data over the course of the three years that this study was conducted. Faculty at the University of Manitoba can be quite confident that the Mechanical Engineering program is perceived by their students to be quite successful in their implementation of the graduate attributes, Problem Analysis, Individual and Teamwork, and A Knowledge Base for Engineering. On the other hand, the attributes Impact of Engineering on Society and the Environment, Use of Engineering Tools, Professionalism, and Ethics and Equity should be further scrutinized within the Mechanical Engineering curriculum to inform critical program improvements.
As researchers, it was an honour and a privilege to be witness to students' valuable insights in regards to their educational experience within the Mechanical Engineering program for the purpose of developing and improving its curricula for the benefit of all stakeholders. Students' perceptions will continue to be heard and explored at the University of Manitoba's Faculty of Engineering, as students are one of our vital stakeholders in our engineering programs.
